The intranasal route is a reliable way to administer preanesthetics and sedatives to children. The aim of this study was to compare the anxiolytic and sedative effect of intranasal dexmedetomidine and midazolam as a premedication in pediatrics with simple congenital heart disease undergoing cardiac catheterization. Patients and Methods: Sixty children 3-6 years old of either sex with simple congenital heart disease undergoing cardiac catheterization were randomly allocated into two groups: Dexmedetomidine group who received intranasal dexmedetomidine (0.1 µg/kg) and midazolam group who received intranasal midazolam (0.2 mg/kg) 30 min before induction. Heart rate, mean arterial blood pressure, and oxygen saturation were monitored up to 30 min after drug administration. The sedation score, anxiety score, and child-parent separation score were recorded until the child taken to the operating room. The postoperative agitation score was also observed. Results and Conclusion: The premedication of children with intranasal dexmedetomidine attained satisfactory and significant sedation and lower anxiety level with better parental separation than those who received intranasal midazolam. 
IntroductIon
One of the pediatric anesthesiologists' challenges in the operating room (OR) environment is to minimize distress for children and to facilitate smooth induction of anesthesia. This is accomplished by administration of a sedation before transfer to the OR. [1] Deep sedation up to general anesthesia required during diagnostic and interventional cardiac catheterization to ensure immobility and blunt reflexes to painful stimuli. Depression of cardiovascular and respiratory function should be avoided in order for the cardiologist to obtain the most meaningful hemodynamic information. [2] Anxiety and psychological trauma due to maternal deprivation are major challenges in pediatric anesthesia. Preanesthetic medication in children should aim to decrease the anxiety and psychological trauma and also to facilitate the induction of anesthesia without delaying the recovery. Several drugs have been tried to find the appropriate sedative agent and the best route of administration of these drugs in children. Hence, a drug use as premedicant should have an acceptable, nontraumatic route of administration in order not add extra stress to the child. Currently, the most commonly drugs are midazolam, ketamine, transmucosal fentanyl, and/or meperidine. [3] The intranasal route is a reliable way to administer preanesthetics and sedatives to children and is a relatively easy noninvasive route with rapid onset of action and high bioavailability comparable to that of IV administration because of bypassing the first pass hepatic metabolism and the high vascularity of the airway mucosa. [4] Furthermore, it has the advantage of well tolerability, not requiring patient cooperation as would be in the case for drug swallowing or sublingual retention and does not have pungency or an unpleasant taste. [5] In the pediatric patients, benzodiazepines are a mainstay of sedation as they provide sedation, anxiolysis and amnesia, and have muscular relaxation, hypnotic, and anticonvulsant properties. Midazolam is water-soluble and short-acting and is the most commonly used for sedation and premedication procedure in children. It is administered by many routes as follows: oral, nasal, intravenous (i.v.), or intramuscular. Midazolam may be administered orally to allay anxiety in children before the placement of i.v. lines. [6] Dexmedetomidine is highly selective and specific agonist for α 2 adrenoceptor, commonly used for sedation (<24 h) in 1999. α 2 adrenoceptor agonist exhibits sedative, hypnotic, analgesic, anxiolytic, and sympatholytic effect. It has a minimal effect on respiratory drive and it is more selective and shorter in duration than clonidine, also has reversal drug for its sedative action "Atipamezole," and these properties render dexmedetomidine suitable for analgesia and sedation during perioperative period. [7] The aim of this study was to compare the anxiolytic and sedative effects of either intranasal dexmedetomidine or midazolam as a premedication in pediatrics with simple congenital heart disease; atrial septal defect (ASD) and ventricular septal defect (VSD) undergoing cardiac catheterization.
PatIents and Methods
Our study was carried out in Mansoura University Children Hospital on 60 patients of either sex with age ranging from 3 to 6 years old with simple congenital heart disease (ASD, VSD) undergoing cardiac catheterization over 7-month period. The patients were divided according to the type of sedative drug used, after written informed consent obtained from their parents and approval of the local ethical committee of Mansoura faculty of medicine. Exclusion criteria were parent refusal or uncooperative patient, allergy to the study drug, any nasal disorder that may interfere with nasal administration of drugs as recurrent nasal bleeding or nasal masses, obstructive pharyngeal or laryngeal pathology, and mental retardation.
In the day before surgery, all details of the anesthetic plan were discussed with the parents of the child according to fasting hours, current medication and written consent was obtained. All patients were evaluated fulfilling full medical history, clinical examination with body weight, height, and body mass index (BMI), and airway assessment. Laboratory investigation were done in the form of complete blood count, arterial blood gas analysis, liver function test (serum glutamic oxaloacetic transaminase, serum glutamic pyruvic transaminase, bilirubin, and albumin), coagulation profile (international normalized ratio, prothrombin time), serum electrolytes (Na + , K + ), and blood sugar level.
The patients were randomly divided using closed envelope method into:
• Group 1 (dexmedetomidine group) n = 30: patients received intranasal dexmedetomidine (0.1 µg/kg) 30 min before induction [1] • Group 2 (midazolam group) n = 30: patients received intranasal midazolam (0.2 mg/kg) up to 15 mg, 30 min before induction. [8] All study drugs were prepared by the investigator anesthesiologist and were administered by other observer, and attending anesthesiologists were blinded to the given drug and responsible for further assessment and management of the patient. Children administered the study drug premedication in the presence of their parent after baseline heart rate (HR), oxygen saturation (SpO 2 ), and mean arterial blood pressure (MBP) were measured in the preoperative waiting area. The study drug was given to the child in the recumbent position by dripped into both the nostrils using a 2-mL syringe. HR, MBP, and SpO 2 were measured every 10 min after drug administration until transfer to OR. Child sedation state was assessed by a blinded observer every 5 min with Ramsay scale for sedation [9] [ Table 1 ]. Anxiety was evaluated every 10 min with a four-point scale: 1 = cooperative and calm, 2 = anxious but could be reassured, 3 = anxious and could not be reassured, and 4 = resisting or crying. [10] Child-Parent Separation score [11] was recorded at the time of transferring the patient to OR. Child-Parent Separation Score: 3 = patient crying and fearful, not quieted with reassurance; 2 = patient slightly crying and/or fearful; quieted with reassurance; 1 = patient unafraid, cooperative, or asleep.
Inhalation induction was initiated by face mask with sevoflurane 8% with O 2 100% mixture. i.v. line was inserted after loss of consciousness, followed by administration of fentanyl 1-2 µg/kg slow i.v., propofol 1-2.5 mg/kg, and 0.9 mg/kg rocuronium to provide neuromuscular blockade and facilitates tracheal intubation. The patients were mechanically ventilated with 50% O 2 , and the end tidal CO 2 was monitored by mainsteam capnograph and maintained between 30 and 35 mmHg. The anesthetic level was delivered in a concentration that maintained a stable blood pressure, HR, and respiratory rate (baseline ± 20%). Standard monitoring was done using electrocardiogram, noninvasive blood pressure, pulse oximetry, and capnography. After the end of the surgery, anesthetic gases were discontinued to 0% and replaced with O 2 100% ≥4 L/min. Endotracheal tube was removed when the patient is awake and then the patient was transferred to the postanesthetic care unit (PACU) for No response, asleep monitoring of vital signs till discharge to the ward. In the PACU, a blinded anesthetist assessed the child's agitation level according to a three-point scale: 1 = easily arousable, calm, follows commands; 2 = crying or restless but calms to verbal commands; and 3 = thrashing, combative, and disoriented. [10] Sample size calculation
A priori G-power analysis was done to estimate study sample size. A power of 80% was estimated with a type I error of 0.05 to get a difference in sedation state at parent separation between groups of approximately 30% to yield of total sample size of 54 cases. A drop out of 10% of cases was expected. Therefore, a total number of 60 cases were needed (30 cases per group).
Statistical analysis
The statistical analysis of data was done using 
results
No significant difference regarding demographic data (age, gender, body weight, height, or BMI) was observed [ Table 2 ].
Hemodynamic data showed that MBP and HR were significantly decreased 10, 20, and 30 min after drug administration in the dexmedetomidine group when compared with the midazolam group [ Tables 3 and 4 ].
Peripheral arterial SpO 2 displayed no significant difference between the studied groups throughout the study period [ Table 5 ].
Sedation score was significantly higher in the dexmedetomidine group when compared to the midazolam group after 15, 20, 25, and 30 min with no significant change at 5 and 10 min from drug administration [ Table 6 ].
Anxiety score was significantly lower in the dexmedetomidine group when compared to the midazolam group after 20 and 30 min with no significant change at 10 min from drug administration [ Table 7 ].
Separation score was significantly lower in the dexmedetomidine group when compared to the midazolam group [ Table 8 ] while agitation score was not significantly differ between the two groups [ Table 8 ].
dIscussIon
This prospective, randomized, double-blind, controlled study compared the intranasal administration of dexmedetomidine and midazolam as premedication in children 3-6 years old with congenital heart disease undergoing cardiac catheterization. Intranasal dexmedetomidine premedication for children The intranasal application of preanaesthetic drugs is a preferred route of administration and is an effective way to administer sedatives to children. [4] The intranasal route does not require cooperation, convenient, noninvasive, well tolerated, and child would not be having an unpleasant taste or pungency. Wolfe and Braude [12] suggested that intranasal drug administration offers a noninvasive, painless, quick way to give premedication drugs, with the rapid onset of action as drugs may access the venous blood of the systemic circulation because of the high vascularity of the subepithelial surface of the nasal cavity. Furthermore, it may penetrate the blood-brain barrier and reach the central nervous system directly [13] and can avoid the first-pass metabolism in the liver. [14] Midazolam is the most widely used as a premedication before anesthesia. [1] Intranasal administration of midazolam has the advantage of no first-pass effect with rapid absorption directly into the systemic circulation and a bioavailability of 55%-83%. [15] Most children are better tolerated the intranasal than oral administration of midazolam. [9] However, the nasal administration of midazolam is not favored in clinical practice as it has associated with a burning unpleasant sensation in the nasal cavity. [16] The clinical significant sedative effect of dexmedetomidine administered intranasally to healthy children and adult undergoing minor surgeries has been reported. [1, 17] Iirola et al. [18] documented that administration of intranasal dexmedetomidine has a high bioavailablity 65% (35%-93%) and may potentially have useful sedative effects in surgical procedures.
Dexmedetomidine produces sedation by stimulating α2-adrenergic receptors in the locus coeruleus, apart from the brain stem involved in the sleep-wake cycle, which reduce central sympathetic outflow, resulting in increased stimulation of inhibitory neurons. [19] Therefore, it causes analgesia and sedation without causing respiratory depression. It produces "cooperative sedation," which means that the sedated patient can still interact with healthcare professionals [20, 21] while midazolam stimulates gamma-aminobutyric acid (GABA) receptors in the cerebral cortex to increase the conductance of chloride ions and hyperpolarization that inhibits normal function of neurons producing sedation.
The chosen dose of dexmedetomidine in the present study was 1 µg/kg intranasally according to Yuen et al. [17] who reported that intranasal 1 and 1.5 µg/kg doses of dexmedetomidine have similar effects, and 1 µg/kg of is more effective than 0.5 µg/kg dexmedetomidine intranasally [1] while the intranasal dose of midazolam of 0.2 mg/kg was determined according to Davis et al. , [8] who reported that there was no difference between intranasal dosage of 0.2 and 0.3 mg/kg midazolam. Furthermore, Tolksdorf and Eick [22] have used an intranasal dose of midazolam of 0.2 mg/kg in their study for preanesthetic sedation.
The present study showed that the intranasal alpha 2 -agonists, dexmedetomidine, produced significant reduction in HR, and arterial blood pressure versus intranasal midazolam group. In a study comparing i.v. clonidine, dexmedetomidine, and midazolam for children preanesthetic medication, both dexmedetomidine and clonidine were shown to reduce HR and MBP before and during anesthesia. [23] Dexmedetomidine i.v. in a dose of 1 µg/kg given over 10 min in children can produce a significant reduction of HR and MBP. [24] Munro et al. [2] reported that the reduction of HR and MBP were <20% of baseline in sedated children with 1 µg/kg i.v. dexmedetomidine, followed by a maintenance infusion during cardiac catheterization. However, these effects were not required medical intervention in both the groups.
In the current study, the peripheral arterial SpO 2 was well maintained throughout the perioperative observation period in both groups. Dexmedetomidine does not suppress respiratory function, even at high doses [25] while midazolam acts as GABA-mimetic drug, and therefore, it is known to decrease the respiratory drive in a dose-dependent manner. [26] Notably, respiratory depression was not observed in any of the midazolam-treated children.
In the present study, children in dexmedetomidine group achieved significant higher sedation score and lower anxiety score (more sedated) up to 30 min after drug administration in comparison to midazolam group. Furthermore, the children were satisfactorily separated from parents in dexmedetomidine group when compared to the midazolam group. The results of the present study are in consensus with Ghali et al. [27] who reported that intranasal dexmedetomidine is a better choice for preanesthetic medication than oral midazolam in children scheduled for adenotonsillectomy. Dexmedetomidine was associated with lower anxiety levels, lower sedation levels, and easier parent separation during transferring patients to the OR than children who received oral midazolam. The same result was confirmed by Yuen et al. [1] who found that children were more sedated during parent separation and at induction of anesthesia after intranasal dexmedetomidine than oral midazolam. Furthermore, Patel et al. [28] reported that children who were premedicated with intranasal dexmedetomidine had lower sedation scores and easier parent separation than children who received intranasal midazolam. On the other hand, the results of the present study are in contrast with Akin et al. [26] who found that intranasal midazolam and dexmedetomidine were equally effective in decreasing anxiety at parental separation. Furthermore, Schmidt et al. [29] did not find any difference in sedation between intranasal dexmedetomidine and oral midazolam. This could have resulted from the different scale used for sedation assessment.
The present results showed nonsignificant difference in the incidence of postoperative agitation between the dexmedetomidine and midazolam study groups. These results are in consensus with Akin et al. [26] who reported no evidence of difference in the postoperative agitation scores between the intranasal midazolam and dexmedetomidine as a preanesthetic medication in children scheduled for adenotonsillectomy. Furthermore, Bergese et al. [30] found no difference in the incidence of postoperative agitation between the midazolam and dexmedetomidine study groups during elective awake fiberoptic intubation. On the other hand, Mizrak et al. [31] and Munro et al. [2] found that dexmedetomidine was more effective than midazolam in reducing the incidence of postoperative agitation.
conclusIon
Premedication with intranasal dexmedetomidine 1 µg/kg attained significant and satisfactory sedation with better parent separation and lower anxiety levels without any adverse effects as compared with intranasal midazolam 0.2 mg/kg in children with simple congenital heart disease (ASD, VSD) undergoing cardiac catheterization.
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